Abstract-In this paper, the most prominent inverter interface control techniques for the grid-connected photovoltaic (PV) systems; the constant-current control (CCC) and constantpower control (CPC) were evaluated based on the dynamics of the inverter local load. A fully controlled 100 kW grid-connected PV distributed generation (DG) with dynamic load is simulated in MATLAB Simulink. The CCC has one fast control loop while the CPC has two control loops, fast inner current loop and slow external power loop that sits on top of the inner loop. As loads on the DG may change dynamically due to demand variations, the effects due to these controllers on the grid-injected power are compared. The CCC is found to be more susceptible to THDi for larger load variation than the CPC although with better response to transients. From the results CPC can be considered best control option for grid-connected inverter.
I. INTRODUCTION
Meeting the increasing electric energy demand has become an issue of concern to both the utility companies and the end users. Environmental conditions, economics and diminishing fossil fuel reserves made it necessary to exploit the alternative renewable energy as the future form of energy as Distributed Generation (DG) [1] . A DG is a small or medium electric power source connected directly to the grid at distribution level, distant from the main substation [1] . The connection of DGs to the grid comes up with many potential advantages including improved environmental condition, increased efficiency, improved power quality and reliability, and peak shaving [1] . A DG can be either rotating machines type, including synchronous or induction generators, or inverter based. Some DGs such as micro-turbines and wind turbines operate at varying speeds due to the variability of the driving energy source thus produce variable frequency AC voltage at the generator terminal. The voltage is therefore rectified to DC, regulated, and then re-inverted by an inverter to a required fixed frequency AC voltage that can be injected in to the grid. For varying DC voltage producing DGs such as fuel cells and photovoltaic (PV) arrays, the voltage is first conditioned by a DC-DC converter then converted to AC by an inverter [2] . Inverters are commonly used for interfacing DGs to the grid and their local loads. The passive and radial distribution system is faced with diverse problems due to the increasing penetration of DGs; paramount amongst them are power quality related and islanding phenomenon.
Interface control of the inverter plays a significant role in the control of DG's active power, voltage, frequency and islanding detection. These can be classified as constantcurrent control, constant-power (active and reactive) control, and constant P-V control [3] , [4] .
In this paper two inverter controllers are compared, based on the dynamics of local loads connected to the inverter to find the most suitable control technique for a grid-connected PV DG with respect to the system efficacy and power quality. Fig. 1 shows the block-diagram of the studied system comprising of the electric power distribution network, a three-phase constant impedance, represented by parallel RLC load and a 100 kW capacity, PV DG. The DG consists of PV arrays, Maximum Power Point Tracking (MPPT)-controlled DC-DC boost converter, three-phase IGBT inverter and an RL filter. The design parameters of the system are given in Table I . The DG and local load are connected to a 50 Hz, 400 V electric distribution grid. It is obvious that the RLC load receives power from both the grid and the DG. The DG is controlled to inject a unity power factor power to the grid by setting the reactive power component of the DG controller to zero. If P and Q are active and reactive powers generated by the DG at the Point of Common Coupling (PCC), ∆P and ∆Q, the grid generated real and reactive powers at PCC, the load's active power, P L is represented by (1) and supplied by both the grid and the DG system generation in accordance with the instantaneous local load's demand. 
II. STUDIED SYSTEM
Equation (1) illustrates the principle of power importexport between the DG and the grid with respect to the local dynamic load. If the DG generated power, P is in excess of the local load's requirement the excess power, ∆P is exported in to the grid. On the other hand, if the local load's requirement, P L is greater than the DG's capacity, P the difference, ∆P is imported from the grid.
III. INVETER CONTORLLER MODELLING
The inverter is controlled as current-controlled voltage source inverter (CC-VSI) using the synchronous reference frame and Pulse Width Modulation (PWM) [5] . A phase locked-loop (PLL) is used to synchronize the inverter with the grid. The inverter control strategy is achieved using two control loops; a fast inner loop for controlling grid current and a slow outer loop for power control. It is required by standards [6] that the PV injected current to the grid to have a total current harmonic distortion (THD) of less than 5 % of the rated inverter output. It is therefore incumbent for the inverter to extract maximum output power from the PV system and also injects high quality, harmonics-free sine wave to the grid by adequately controlling the inverter [2] . Fig. 2 shows the CCC. The three-phase Point of Common Coupling (PCC) voltage, Vabc and inverter current, Iabc are transformed to synchronous rotating frames or dq0-frames using Park's transformation (2). The resulting inverter output currents are made to follow reference values, I dref for active power and I qref for reactive power. As the inverter is controlled for unity power factor, I qref is therefore set to zero, and I dref to 1 p.u. representing the inverter rated current value.
A. Constant Current Control System

B. Constant Power Control System
This is implemented as an outer control loop sitting on top of the current control loop. The outer control loop is slower and compares the inverter active and reactive power with predefined reference values to produce error values that make the inner loop current references. For unity power factor control the reference reactive power is set to zero. Fig. 3 shows a commonly used variant of constant-power control that is mostly used in grid-integrated DGs inverter control [7] . The reference for the inner loop's active current, I dref is obtained using the regulated DC-voltage to provide a constant DC bus voltage control (CDBVC), instead of the active power reference. The regulated DC-voltage makes the input power to the inverter constant, thus, the output of the DCvoltage regulator is proportional to the active power. Therefore, increase in the DC bus voltage causes proportionate increase in power at the inverter input by charging the DC-link capacitor. Maintaining constant DC voltage requires I dref to be increased to transfer power to the output of the inverter [8] , [9] . The inverter output, in both cases is controlled by the modulation index, m and phase angle, Φ given by (3) and (4) to generate the inverter switches signals using the pulse-width modulation (PWM). 
IV. RESULTS AND DISCUSSION
The grid connected PV system in Fig. 1 and the control schemes in Figs. 2 and 3 were simulated in MATLAB Simulink to investigate the effects of inverter controller type on the grid injected power with dynamic load demand. Table  II shows the variations of the inverter local load with time. Figs. 4 and 5 show the comparison of the grid injected power due to the load variation for the two controlers for the CCC and CPC respectively. It can be seen that in both cases (1) is obeyed and power interchanges between DG and the grid in relation to load. The CCC has the advantage of fast transient response and disadvantage of higher harmonic disdistortion while CPC shows negligible harmonic distorsion but slower response to transients due to MPPT switching at 0.4 s. When load demand is less than the inverter capacity the excess power is injected into the grid, otherwise imported. The fast response is due to the fact that CCC has only one fast inner current loop and the constant power control (CDBVC) has in addition outer control loop. The THDi of the two control loops are shown in Fig. 6 . It can be observered that the current THDi are within the acceptable limits for small load switching variations although higher for CCC at the highest load variation at time t = 3s. The real power, reactive power, voltage and frequency parameters measured at the PCC, for both control techniques were not drifted away from the nominal values by the load dynamics as shown in Figs. 7 and 8 but its note worthy that the system frequency responds to the load variation. It drops intermittently with sudden load connection and rises intemittently with load shed. The DG and grid power curves for CCC in Fig. 4 are distorted because of the associated harmonics resulting from the effect of single loop control. Fig. 5 shows smoother undistorted power curves due to the dual control loops.
It can be further noticed in Fig. 7 that the transients seen on the active power in Fig. 8 are damped due to the fast response of CCC. Its short coming is the high THDi due to large load step compared to CPC. This paper presented a comparison and evaluation of the two most commonly used voltage source inverter controllers for grid-connected PV system based on local load variations, that depicts the real-world electric demand scenerior. The inverter produces only real power since the reference value of the reactive power component of current is set to zero. The CPC, having two control loops provides harmonic free injected power against the single loop CCC which though has faster transient response. The entire system was simulated in MATLAB Simulink and the results indicated CPC as the best inverter control method for its harmonics resilience. Its also noticeable that the THDi of CPC is always less than the maximum allowable value of 0.05% despite the dynamism of the local load. CCC on the other hand, is very sensitive to the load variations and its THDi becomes proportionate to load difference, creating larger THDi for large load step. 
